The core of garnet porphyroblasts in the garnet-sillimanite gneiss from Skallevikshalsen, Lü tzow-Holm Complex, East Antarctica, includes Cl-rich (>0.3wt%Cl) biotite and nanogranite/felsite inclusions (former granitic melt). These are estimated to be stable at >1.2 GPa and 820-850 o C.
領家帯三河地域の片麻状花崗岩類から得られた広域変成作用よりも若いU-Pbジルコン年代 U-Pb zircon ages younger than regional metamorphism obtained from gneissose granitoids in the Mikawa area, Ryoke belt Cordierite is a common metamorphic mineral, which entraps volatiles such as CO 2 , H 2 O in its channel, consisting of six-membered rings of (Al, Si) O 4 . Carbon dioxide is orientated linearly along the a-axis in cordierite channel, and therefore the peak intensity of CO 2 at 1383cm -1 obtained from Raman spectroscopy varies considerably depending on the crystal orientation of cordierite. Kaindl et al. (2006) has shown that the Raman spectral intensity of CO 2 band in crystallographically oriented cordierite grains can be used to estimate the CO 2 contents. These previous studies suggested the importance of applying a correction on the effect of crystal orientation for the determination of intrinsic contents of CO 2 in randomly oriented cordierite crystals. The purpose of this study is to reveal the relationship between Raman spectral patterns and crystal orientation of cordierite, and to construct a new method for the determination of CO 2 content in cordierite using Raman spectroscopy.
For the identification of crystal orientation of cordierite, euhedral cordierite crystals, from the volcanic ash deposit in the Takiga swamp, Gunma Prefecture, Japan were used to prepare crystallographically oriented thin sections, and examined in detail using micro-Raman spectroscopy.
In addition, to examine the effect of crystal orientation to the intensity of CO 2 for its determination, two cordierite samples were analyzed. One is cordierite crystal from a pelitic cordierite-bearing from gneisses in the Kerala Khondalite Belt (KKB), southern India, and the other is a standard cordierite with known CO 2 contents (SH). Since Raman spectral intensity also depends on polarization of the incident laser, Raman spectra were obtained by rotating the sample at an interval of 10°. The crystal orientation of cordierite was cross-checked by using 5-axis universal stage and conoscopic figures.
Raman spectral patterns obtained for (001), (100) and (010) crystallographic planes change cyclically with the polarization of incident laser. We selected six peaks of cordierite (1: 554 cm -1 , 2: 575 cm -1 , 3: 670 cm -1 , 4: 970 cm -1 , 5: 1010 cm -1 , 6: 1180 cm -1 ) for a detailed analysis. The intensity of peak-5 and peak-6 changed systematically when compared with other peaks, and so these peaks were used for the identification of crystal orientation. The intensity of peak-3 did not change and we used it as a normalizing peak for instrumental intensity variations. The intensity ratio of peak-5/ peak-3 versus intensity ratio of peak-6/ peak-3 (I 5 / I 3 vs. I 6 / I 3 ) in (001), (100) and (010) plane showed a linear relation. The value of other oriented cordierite crystals and random ones fell within this range. Therefore, it is possible to identify the crystal orientation of cordierite using the relation of I 5 / I 3 vs. I 6 / I 3 . The cyclic patterns can be expressed mathematically using a combination of sine curves, where it is possible to determine the crystal orientation. Furthermore, the peak intensity of CO 2 for SH cordierite with known CO 2 contents also showed cyclic variations, similar to the periodicity of the peak-6 in the crystallographically oriented crystals. Accordingly, using the mathematical expression we could retrieve the maximum (Kurimoto, 1986) . In the Shimizu-Misato area of the Wakayama prefecture, components of above-mentioned five belts are exposed and the Mikabu belt disappears in the eastern part, where the Kebara Formation is exposed between the Sanbagawa metamorphic belt and the Chichibu belt. One of petrologic characteristics of the Kebara Formation is a common occurrence of lawsonite in both meta-mafic rocks and metapelites (Hada, 1967; Kurimoto, 1986; Tomiyoshi & Takasu, 2009) , 1992; Kurimoto, 1993; de Jong et al., 2000) while those in the Sanbagawa metamorphic belt of the Shimizu-Misato area mostly range 85-72 Ma with a few exceptions (Kurimoto, 1993; Kurimoto, 1995; Kurimoto, 2013 The structural evolution of carbonaceous material (CM) to graphite is one of the most important thermal indicators for geological regimes of very low to medium metamorphic temperature. The process sensu stricto depended not only on peak metamorphism but also lithostatic pressure, tectonic deformation and catalytic effects. Some studies argued that the pressure dependence during graphitization was one of the most important factor to recrystallize from CM to graphite (e.g. Beyssac et al. 2003) . However, the natural and experimental studies regarding the pressure dependence on graphitization are very limited.
We report here new experimental data on the structural evolution of CM to graphite at various pressures of 0.5 to 8 GPa at 1200 degree C for 1 hour. Natural CMs extracted from sedimentary rocks in the Shimanto accretionary complex and the Hidaka metamorphic belt transformed its morphology and crystallinity with increasing pressure. Both the starting materials were converted to a graphitic structure above 2 GPa, suggesting either the termination of crystal growth or only sluggish growth.
Based on the results of pressure dependence, we compared the relation between the effective activation energies and experimental pressures by combining our results with previous studies. It was found that the effective activation energy empirically decreases with increasing pressure. The pressure dependence was given by: Ea = -71.66ln(P) + 789 (R 2 = 0.98) Thus we are able to express the effective activation energy Ea at any pressure conditions using the above regression curve. Combining the previous experimental data on thermal dependence of graphitization (Nakamura et al. 2015) , the structural evolution of CM can be expressed by three different factors of pressure P, metamorphic temperature T and duration t:
where C min and C max are respectively the maximum and minimum values of each parameter, A the intercept of the Arrhenius plot, R the gas constant, and h is the reaction rate of the sigmoid function (named as the "Hill coefficient"). Based on the equation combining the thermal and pressure dependences, we attempted to extrapolate to the low-temperature condition (300-1000 degree C) at the pressures of 0.1 to 1 GPa (Fig.1 ). Detailed results between natural and experimental data will be discussed in the presentation. and discuss its significance. The Kebara Formation is an E-W trending geological unit, 5×1 km, exposed between the Sambagawa and Chichibu belts (Kurimoto, 1986) . The Kebara Formation is mainly composed of metapelite with minor amount of lenses or layers of metabasite and siliceous schist (Kurimoto, 1986) . The main foliation shows ENE-WSW strike and steeply dip to the south. Brs-bearing metabasite, more than 70 cm in thickness, occurs at the transition between metabasite-and metapelite-dominated parts, and its main foliation is consistent with that of the surrounding rocks. Brs-bearing metabasite consists of mm-thick blue-green epidote-rich layers alternating with blue amphibole-rich antigorite look formed at the similar stage. Therefore, we propose that the secondary olivine is directly formed by silica-releasing reaction after orthopyroxene, and the releasing silica is reacted with primary olivine to produce antigorite. In this mechanism, the secondary olivine could be formed during the hydration stage within subduction zone. Grain growth of the metamorphic process is basically governed by precipitation from grain boundary thin fluid film and dissolution of preexisting minerals. Morphology of metamorphic minerals appears as a variety between euhedral and anhedral shapes, although it sometimes shows the irregular shape likely to amoeboid but not to dendrite. Amoeboid grains of garnet and albite are very common in the regional metamorphic rocks and are considered as unstable growth by coupling of growth from thin film of boundary solution and fluid flow along the thin film.
The similar grain growth from thin film of flowing solution reveals the Kompeito of sucrose and hails which show the spherical ball having many rounded horns (spikes). Such feature is considered to be derived from growth instability from flowing boundary fluid film (1).
In this paper, I will talk about the occurrence of Kompeito -like grains of garnet, albite, and quartz in the regional metamorphic rocks and discuss the robustness of the spacing of rounded horns on the cross section. He also suggests the possibility of microprobes of metamorphic grain boundary fluid flow inferred from the instability of Kompeito -like growth of these metamorphic minerals.
( We attempt to obtain the essential data about the element transport within the metamorphic fluid, by experimentally reproducing the chemical reactions that are responsible for element inflow and outflow. They include the solubility of mineral to the fluid, the chemical composition and concentration of the fluid, and their change in the pressure and temperature conditions. By utilizing this information, we should be able to limit the range of the chemical composition and concentration, and the P-T values.
This study has determined the minimum ratio of Mg/(Fe+Mg) and the minimum concentration of (Mg, Fe)Cl 2 for the plagioclase-cordierite replacement, by utilizing hydrothermal experiments. Because the ample amount of tonalitic-granulite specimen in Sri Lanka for this experiment is not available, we have used powdered specimens of anorthosite from the Natal region, South Africa, and chloride solution of Mg and Fe. These materials were sealed into gold capsule with or without CO 2 and were held at a pressure of 100 MPa and a temperature of 600 ℃ in autoclave for 130-400 hours. We have obtained the following results:
The minimum concentration of MgCl 2 for the plagioclase-cordierite replacement is approximately 0.08 mol/kg.
The minimum ratio of Mg/(Fe+Mg) for the plagioclase-cordierite replacement is approximately 0.2.
These minimum values derived above are not influenced by the presence of CO 2.
It is estimated that the Mg/(Fe+Mg) ratio of the fluid responsible for the plagioclase-cordierite replacement in the tornalitic granulite in Sri Lanka is approximately 0.2. Ca-Na pyroxene is a common mineral in eclogite and blueschist facies metamorphic rocks. Omphacite with an intermediate composition between jadeite and augite is considered to be a clinopyroxene group with ordered P2/n symmetry, because the cation partitioning and ordering in NaAl-CaMg substitution took place below the critical temperature. At further lower temperatures, two miscibility gaps were proposed between omphacite and C2/c sodium-rich augite, and omphacite and C2/c impure jadeite in the jadeite-augite binary system based on a thermodynamic theory and petrographic evidences (Carpenter, 1980) . As natural Ca-Na pyroxenes generally incorporates Fe 3+ as an aegirine component at various degrees, several phase diagrams of Ca-Na pyroxenes concerning with stability fields of C2/c and P2/n symmetries have been proposed in the jadeite-aegirine-augite ternary system based on a number of thermodynamic models (e.g. Carpenter, 1980; Holland, 1990; Green et al., 2007) . As the low-temperature stability conditions of Ca-Na pyroxenes harm their synthetic study, thus it is necessary to justify the validity of proposed phase diagrams using natural samples. In this study, we report the petrology of omphacite and sodium-rich augite pair which was newly found from high-pressure mineral veins developed in an epidote amphibolite block collected from the Horokanai area in the Kamuikotan metamorphic belt, central Hokkaido. Shibakusa (1989) divided the metamorphic rocks in the Horokanai area into three zones, Zone I {lawsonite blueschist (BS) facies} to Zone III (epidote BS facies), based on the mineral assemblages of mafic rocks. Imaizumi (1984) reported the occurrence of epidote amphibolite blocks from the Horokanai pass area, which is located in Zone III of Shibakusa (1989) , and he concluded that these blocks represent olistoliths within the Kamuikotan metamorphic rocks prior to the BS-facies metamorphism.
SMP43-P09
We identified three kinds of metamorphic veins; 1) Pale green, 2) yellowish green and 3) white veins. The pale green vein is about 1 cm thick and its central part is mainly composed of Ca-Na pyroxenes, carbonate (aragonite and calcite) and albite, while apatite is partly developed in the outer part of the vein. Yellowish green veins and white veins are less than 1 mm thick and mainly composed of pumpellyite and albite, respectively. The composition of pumpellyite is identical to those of Zones II and III of Shibakusa (1989) . Calcite is considered to have developed after the formation of aragonite, as aragonite is always surrounded by calcite. These observations suggest that the vein-forming conditions are about 250-350 °C and less than 7-10 kbar (P-T estimation for Zone II/III of Shibakusa, 1989 
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